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Progress  report,  December  2015 

ONR  grant:  N00014-1 0-1  -0281,  M Novel  concept  of  frequency-combs 
interferometric  spectroscopy  in  the  niid-IR  for  significantly  enhanced 
detection  of  explosives” 

1.  Prime  Offeror:  Robert  L.  Byer,  Stanford  University 

2.  Subcontractor:  Konstantin  L.  Vodopyanov,  CREOL,  Univ.  Central  Florida 

3.  Period  of  Performance:  June  2013  -  Dec  20 1 5  (after  no  cost  extension) 

4.  Business  Contact:  Dr.  Konstantin  Vodopyanov,  CREOL,  College  of  Optics  and  Photonics, 
Univ.  Central  Florida,  Orlando,  FL  32816,  tel.  (407)  823  68 1 8.  vodopyanov@ereoLucf.edu 


Our  work  over  the  reporting  period  has  resulted  in  the  demonstration  of  high  performance 
spectroscopic  sensor  based  on  in  id-1  R  frequency  combs.  Ultrasensitive  detection  of 
methane,  isotopic  carbon  dioxide,  carbon  monoxide,  formaldehyde,  acetylene,  and 
ethylene  was  performed  in  the  spectral  range  2.5-5  pm  using  intracavity  spectroscopy  in 
broadband  optical  parametric  oscillators  (OPOs).  The  OPOs  were  operated  near 
degeneracy  and  synchronously  pumped  either  by  a  mode-locked  erbium  (1560  nm)  or 
thulium  (2050  nm)  fiber  laser.  A  large  instantaneous  bandwidth  of  up  to  1000  cm"1 
allows  for  detection  of  several  substances  simultaneously.  We  observed  an  effective  path- 
length  enhancement  due  to  coherent  interaction  inside  the  OPO  cavity  and  achieve  part- 
per-billion  sensitivity  levels.  This  sensor  can  be  used  for  remote  and  i n -situ  sensing  of 
TNT,  RDX,  PETN  and  other  explosives. 


Standoff  trace  detector  based  on  mid-infrared  frequency  comb.  The  mid-infrared 
‘signature1  spectrum  is  obtained  from  the  time-domain  interferogram  from  a 
photodetector. 


Main  accomplishments: 

1 )  Achieved  frequency  comb  from  an  OPO  based  on  PPLN  crystal  with  a  wavelength 
span  of  2.5  -  3.9  pm 

□ 

2)  Achieved  frequency  comb  from  an  OPO  based  on  OP-GaAs  crystal  with  a  wavelength 
span  of  2.6  -  6. 1  pm  (more  than  an  octave,  world  record) 

□ 

3)  Demonstrated  trace  point  detection  of  methane,  carbon  dioxide,  isotopic  (13C02) 
carbon  dioxide,  carbon  monoxide,  ethylene,  acetylene,  and  formaldehyde  and  achieved 
part-per-billion  sensitivity  levels. 

□ 

4)  Demonstrated  a  new  technique  for  extending  octave-wide  frequency  combs  to  the 
highly  desirable  yet  difficult-to-achieve  mid-IR  fingerprint  spectral  range. 

□ 

5)  Our  new  technology  of  broadband  mid-IR  combs  may  have  a  major  impact  on  trace 
explosive  and  chem/bio  hazard  detection,  in  terms  of  sensitivity,  selectivity  and  speed 


□ 
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